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FAILURE CAUSE: A Weld gr parent melenal failure.

THE MAlH NJECTOR BODY FORGING MATERIAL IS AN INGCREL T18 NICKEL BASED ALLOY  INGOMEL 718 WRS SELECTED FOR STREKGTH, QUECTILITY, RESISTAKNCE TO
CORROSIONETRESE CORRQSION CRACKIMNG, OXYCGEN COMPATIEILITY, AND WELDABILTY (1), THE INTERPEOFELLANT FLATE INCORPORATES A HEAT SHIELD ACROES 'I5E FACE
TC FROTRCT IT FROMW THERMAL DAMAGE BUE TC MOT-GAJ (2], HYDROGEN TRANSFIFATIDN CODUING OF NJECTOR FACERLATE RESTRICTS THERMAL GROWTH W IR SREATLY
RFEDJCES THE POSEIBILITY OF CRATKING. THE BEMCING FLEXIRILITY OF THE LIQUHD OXYGEN POSTS 15 SUFFICIENT T SOMPLY WTH THE RALIAL THZRLAL EXFPANS QM ALD
CONTRAGTION OF THE INJECTOR FACE, WELD AREAS SUBJECY TO HYCROGEN ERBRITTLEMENT ARE OVER! AYED FOR PROTECTION. HIGH SWCLE FATISUE AND LAY CYCLE
FATTSLE MEET CEI REQUIREMENTS 3), THE PRINARY STRESS FACTOR OF SAFETY MEET CEl REDUIREMEMTS {4). THE MTERPROPELLANT PLATE PARERT MATER WL Vins
CLEARED FOR FRAGTURE MECHANIL SMNDE FLAW GROWTH SINCE [T CONTAING NG FRACTURE CRITICAL PARTS i5). THE FMEACIL WELDS ARE CLEARED FOR FRADTLRE
MECHANICEHEE FLAVW SSOWTH BY THEWELD ASSESEMENT 18], TABLE AP LISTS ALL FRIEA/ZIL WELDS AND ICENTIFIES THOSE WELDS IM YWHICH THE CRITICAL IMITIAS FI Atwy
SIZE 15 N1 OETECTABLE AND THOSFR WELDS |N WHICH THE ROGT SI0E 15 NOT AGCESSIBLE FOR IMSFECTION, THOSE WELDS INWHICH THE CRITICAL N'TIAL FLAW BZE IS HOT
DETECTABLZ ARE ACCEPTABLE FOR TLIGHT 5% RISK ASSESSMENT (61, BY AMSLY SIS, ALL CRACKS ARE SELF-LIMITING. DESTRUL IIVE EVALUATION ©F THE MAIN INIECTOR FRTM
EMGIME 2070 REVEALED CRACKS DRIENTED CIRCUMFERFNTIAI LY ARDLIMD THE LOX POST AND BETWEEK THE POST STUBS. THE FRACTURE MECHAK]SM VAS IDENTIFIED 45
HYDROCEN 8S5F5TED LOW CYCLE FATIGLE, WHICH WAS THERMALLY IMDUCED DURING SHUTDOW!N TRAMSIENTS. THE CRACKS SHOWED NO EVINEMCE OF HIGH CYCLE FATIGUR
ANDWERE ZELF-LIMITING [N CERTH FUFH WITH PORTICNS OF HEAT SHIELD MIRSING. HYDROGEN ENVIRONYENT EMBRITTLEMEHT 15 HOT THE CONTROLLING FACTCR. THREE
INJECTORSE OF THE QLD HEAT SHIF LD COYFISURATION HAWE BEEN DESTRUCTIVELY EVALUATED, ALE THELE HAD SUFFERED HEAT SHIEI TIAMAGE. 1N ALL CASES “HE
THERKAL CRACKS WFRE SELFAIWITING. THE AN IKJECTOR HAS COMPLETED VS TEETIMG (7). MO (A}

i1y RES-BE72:9 () HSGIRI2 (3} RLICS3Z. CPIMRICIM (4) RSS-BSLG. CPIIIRODOIE, 15) NASA TASK 1°7; /5] RAS-6756; (T)DVEI0* (5) SSME-84-1322
FAILUSRE CAIMSE: H: Heat zhseled Faliurs.,

HEAT SHIELD 25 WADE FROM 304l CRES WIRE CLOTH, 2161 FOIL, AND 3041 GRES SHEET, DOTINMATERIALS ARE RESISTANT TO DEGRADATION IN THE HOT-GAS ENVIRONMIH] (1),
THE HEAT SHIELD i REINFORZED ARGU YD THE 0.0, AND IS SEGURELD IN & SLDT BETWEEN THE INJECTOR AND THE FOWERHEAD, BY A RETAINER RING. ANC BY PRGTSCOTOR
SHIELDS (21. 0 HEAT SHIELD FAILURES OCCUYRRED WITH THE PRESENT DESIGN. BY BEING HELD IH A SLOT OF THE POWERHEAD ASSEMBLY. TEARING 5v MGH YFLORITY GASES
IS PREGLUNED THE LOS3 OF SEVERAL OUTER ROW HEAT SHIELD RETAMNERS IS NOT THREATENING, DUS TO SOILIE PLATES OVERLAY THE OUTER PERIFER™ OF THE HEAT
SIMELD STAZEN. THE HEAT SHELD LAYERS ARE FUSED 3Y EB. CUTTNG THE POST HOLES (), THE HEAT SHIFLD I3 HELD 1M FLAGE BY MEAT SHIELD RETAINERA OK EACH EOS~.
PREVICUS RET4INERS THAT FAILED JE TG GAS *URBULANCE VERFE RE-DES!GNED TO INCORPORATE A NEW CONFIGLIRATION ().
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Signfican; Characiaristics
BODY, MAN MJECTOR

MATERIAL INTEGRITY

WELD INTEGR' TY

HZAT TREAT

ASEEYRLY INTEGRITY

HEAT SHIELD
IEAT SHIELD PROTECTOR
RETAIMERE

mMATERLSL IMTESRITY

FRIFER HEAT FHIELD
IMSTALLATICH

FROPER Q D RETAIMER
HETALLATION

Tnsoechon(=} § Tesl sl

KMATERIAL INT=GRITY 15 WVERIFILD PCR SFECIFICATION REQURERERTS.

ALL TEST SAMFLES FROM EACH FORGING 8RE SUBMITTED FOS MECHAMTAL PROFERTIES AMD

GRAIN SIZE IMSPLE TION.

RC:FGH MACH MED FORGING ARE ULTRASCNICALLY IWSPESTED FOR DEFECTS FER DRAAING

RECUIREMEMTE.

FIHISH MASHINED IMJEGTOR BODY (S PINETRANT INSPECTED PER SPECIFICATION

RECLUIREMEMT S,

TIE INJCCTOR FPOST OUTER ROV IS FPEMETRANT INSTECTRD OH D0, AFTER THE [MJECTOR

F! FMENTS ARE INERT1A WELDED TO INSURE NO CRAGKE.

ALL WELDS ARE INZPECTED TODRAWING AND SPECIFICATION REQUIREMEMTS PER WELD
CLASSE. INSPECTIOHS INCLUDE wISLAL DIMENGIOHAL, FENETRANT, RADIOGRAPHIC,

UL TRAZOMNIC, SMNDFILLER MATERLAL, A5 APFLICABLE.

HEAT TREAT IS PPRFORMEDR AN VFRIFIED PFR SPRCIFICATION RFOUIRFMEHNTS.
'HTERMROPELLANT PLATE AND INJECTOR POSTE ARE 'A00F PREESURE TESTED

THE HLT FIRE TESTING AND ZHINE & M INSFECTIZNS YERIFY PLATE INTEGRITY,

MATERIAL INTSGRITY 15 VERIFIED PER SPEQIFICATION AMD DRAVY NG RECGLIREAMENTS.

THE HEAT SHIELD AND RETAINER INSTALLATION ARGLND LOX POST ARE VERIFIED FER

SPECIFIZATION AND BLUEPRINT RECHNREMENTES

THE HEAT SHIELD @ [ RETAINER INSTALLATION IS VERIFIER AT THE PCWERHEAD LEWE_, THE

RETAMER TACK '"WELDS ARE IMSPECTED WISUALLY WATIE 3X AAKIMAUR BASMIFICATION TO CLASE |

WELD RECUREMENTS EXCERFT FERE TRANT 15 MOT APFLICABELE.

THE EEAT SHIELO IS5 INSPECGTED AT THE FLOW SHIELD &R EA MNOR EY BENCE OF DAMAGE FRIDR

TO LAUMCH. (LaST TEST:

Cacorent Hefe-crce
AS00n133

RAQ 7Y-15%
R0 70- 153

RE0IS156
RS002158

Al T o116

RABR115.115

L0
FLACE;T- 252
RAUY 15 185
HAU115-005
BAD115-* 27
Fa1115-000
RACE11-020
F5008+ 25
HLDOS0- W
RLNIE6-06
Rl (HIQZE 07
REGO0GT4
F0D” 5264
RSC0D144
REI1TR-136
M5225144
REI09142

R3I91 24
RLIM 31

RSJAMTL
RLtGO
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Crincat Ininal
papd  Flew Size Not
Sida Mot Deteclable
L ompises Bag'c Farl Numhar Viald Mumker Weld Type  Chaes Access HGF LCE Comments
MAIM IMJZCT DR ASI FR&C 006" 3 GTAN | b4 )
MAIM TMLECT DR ASI RACDO00 3 GTAN I X x
MAIN IHJECTCR RSA0L126 1 EBW f
MAIN NIBL 2R RSICLTEE fi, 752,573 QAW | X x X
MAIN IMJECTGR ASA02475 B EBW/ | X
MAIM IMJEGTOR RENIES1 26 El EB¥/ | X
MAIN INJECTOR RS 26 i EBw/ Il X A X
AN IHIECTER RICN%1Z6 12,22 QTR 1 X
SAAAM HUER TR RE925 14,15 STAW | x X =
MAIH 'HAECTCR Q&oa9 24 14,17 e Al | x
MAIW MIEZTOR RE008* 26 21 GTAW | X
AN PHAECTOS BEO01 26 " GTAW il X
MAIM M IECTON FEHHI 28 22 CTAMW i X
RAM IHISCTO= RS0 26 2325 54 GTAN | X
AN M IECTOe RS00N1 28 44,45 OTAW | X *<
FAR [N JECTOR RSO0 28 50,51 EEW 1a X X b
MAI INJECTOR RSO0 28 a9 EEW 1l X
rAH INJECETOR R300912% G061 STAN I X X
IMLET SHELL RADOE2AE T LFT EBY |
INLET SHELL R3CIES 1 RHT EBWY | S X
IN.FT 3HELL RSCO5ZYT B0 FLES FRWY I b
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FIELD CONFIGURATION VARIANCES FROM CiL RATIONALE

TUBE TOHBEI FEM TLHRES

LSE AS |2 RATIOMNALE:

1
r

3.

BRAZE JOINTS ARE DONE WITHOUT INDUCEE LOANS
MO RESIDUAL STRESSES IM TUBRS.
SECTIONED HARLDVIARE SHIAWS NO PROBI FIAS

5. AIC0-07 SPLITTER VANE SPUITTER VAHE GEOMETRY
GEDVETRY IS VERIFIED FER AOES HOT MEET CURRENT
CURRENT CHLAWY NG DRAW'NG REQUIRERENTS.

RECIUIREM=NTS. (ECP 938R1)

RE-DESHIN GF THE SPLITTER WANE ALTERED THE SFRUCTURAL RESFOMSS
O THE WAMES T FLOW, ELIAINATING FLOW INOUCED CRAGKINS,

USE AS IS RATIONALE:

*. EMNGIMNES NOT MEETIMNG CURREMT SPLITTER WAHE DRAWING
REQUIREMENTE ARE SCREEMED AT (SREEM RLUH T IDEMTIFY TROGE
EXH'BITING THE 4 liHz RESPCMEE. THESE ENGIMES ARE REMWORYED T
LLURRENT DRAWING REQUIREMENTS. RE-PRESSIIRE TEETED AMD RE-
[DEMTIFIED.

Cogmponenl Group: Combuglion Devices Prapetad; A Kay
Mem Nama: Main Injeclor Approvad: 1. Nguyen
Itarn Mumbar: AZCD Approesal Dake: B/oron
Parl Number: ARO03 {22 Change ¥ 1
Dlrective & CEBD MEI-D-5235
Paga: 1ol 1
tha Line Rationa'e Warmnze Change Rationale wariart Dazh Number *
©ARLR-aT | DK an $L..E uF RO BORESGAPE INSSECTICN. VISUAL VERIFICATIGON GAVE AGDITIOMAL COM| IIMEKCE THAT RRAZING HAS T41, 7RI TEY
OoaTE |5 E-RATED AND HOT CREATED LIGLID METAL EMBRI TTLEMENT. 7E1 731,800,
BORESCOPED (ECF 697} LUS=AG 15 RATIONALE:
1 Al! SLEEVES ARE X.RAYED, WHICH SPECIFHIALLY INSFECTS FOR LIcUID
METAL EMBRITILERENT CRACKING;
2 JAINT SUSCEPTIRILITY 15 LOW (NOD STRAIN 20 TUBE DURING WL DING,
BINIE I".'ILIET FLOMAY ORLY TOWITNESS HOLE).
2 A.:nﬂ 05 WAL THI"‘WE“ QF  PREVIOUS COMFIGLRATION FAL TIIII:KEF'. Wﬁ.LLS GAVE ADDITIONAL LCJH POST SUFPORT M T‘-IE HIGH Froa A0 -
SCCONDARY FACEPLATE & THINMER whaLL. ARFAS,
FETAINESRS 'MCREASED G LSk AS 1S RATIONALE;
QUTER THFREE RCWS. (ECP #24) 1. HICH FLOW AREA POSTS 'WERE PLUAGRD AND RCDDED FOR ADDITICNAL
SUFPORT;
2. LIFE LIMT ON THE MAIN TMJECTOR LOX PDSTS PREVENTS DAMASE
LEVELS FROM EXCEEDING Al I CUVABLE LILITS. [BAR 1373)
3. A200-0€ EDDY CORAEMT MO EOCY CURRENT INSPECTION EDDY CURRENT INSPECTION PROVIDE ADDITIGMAL COMFIDENCE 1N IRTERNAL -4 1-, -5 -7?1.. -
INSPECTIOM N ALL LOX FOST OF INERT L2 WELDS, WELD INTEGRITY, L1 DT - T
IMERTLA \WELDE, /ECF 847 USE AL IS RATIONALE: BB
1 INERTH WWELDS ARE CONTROLLED BY SPECIFICATION:
2 MO FAILURE HISTORY WITH HAYMES 188 POSTS:;
3 SURFACE FINLIH IS CONTROLLED T REDUCE STRESES CONCENTRATICMNS;
4. ROW 3 POSTE ARE OYE PENETRANT INSFECTED QN 0.0
4 AZ00-07 ELMINATION OF ARAZER BREVIOUS SLIMINATION OF BRAZE JOINT ELIMINATES THE POSSISILITY O° LIGUID FETAL 741 71, 781,
ERALFE JOINTG OF ASI INLET COMFIGURATION EMBRITILEMENT.
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